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NATIONAL FOREWORD 

This Indian Standard (Part 7) which is identical with IEC 6021 6-6 : 2006 'Electrical insulating materials 
— Thermal endurance properties — Part 6: Determination of thermal endurance indices (Tl and RTE) 
of an insulating material using the fixed time frame method' issued by the International Electrotechnical 
Commission (IEC) was adopted by the Bureau of Indian Standards on the recommendation of the 
Solid Electrical Insulating Materials and Insulating Systems Sectional Committee and approval of 
the Electrotechnical Division Council. 



The text of IEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain terminology and conventions are, however, not identical to those used in Indian 
Standards. Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards the current practice 
is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards, which are to be substituted in their 
respective places are listed below along with their degree of equivalence for the editions indicated: 



International Standard 

IEC 60212 Standard conditions for 
use prior to and during the testing of 
solid electrical insulating materials 

IEC 60216-1 : 2001 Electrical 
insulating materials — Properties of 
thermal endurance — Part 1 : Ageing 
procedures and evaluation of test 
results 

IEC 60216-2 Electrical insulating 
materials — Thermal endurance 
properties — Part 2: Determination 
of thermal endurance properties of 
electrical insulating materials — 
Choice of test criteria 

IEC 60216-3 : 2002 Electrical 
insulating materials — Thermal 
endurance properties — Part 3: 
Instructions for calculating thermal 
endurance characteristics 

IEC 60216-4-1 Electrical insulating 
materials — Thermal endurance 
properties — Part 4-1 : Ageing ovens 
— Single-chamber ovens 



Corresponding Indian Standard 

IS 2260 : 1973 Preconditioning, 
conditioning and testing of solid 
electrical insulating materials (first 
revision) 

IS 8504 (Part 1) : 2012 Electrical 
insulating materials — Thermal 
endurance properties: Part 1 Ageing 
procedures and evaluation of test 
results (second revision) 

IS 8504 (Part 2) : 2012 Electrical 
insulating materials — Thermal 
endurance properties: Part 2 
Determination of thermal endurance 
properties of electrical insulating 
materials — Choice of test criteria 
(first revision) 

IS 8504 (Part 4) : 2012 Electrical 
insulating materials — Thermal 
endurance properties: Part 4 
Instructions for calculating thermal 
endurance characteristics (first 
revision) 

IS 8504 (Part 5/Sec 1) : 2012 
Electrical insulating materials — 
Thermal endurance properties: 
Part 5 Ageing ovens, Section 1 
Single-chamber ovens 



Degree of Equivalence 
Technically Equivalent 



Identical 



Identical to 
IEC 60216-2: 2005 



Identical to 
IEC 60216-3: 2006 



Identical to 
IEC 6021 6-4-1 :2006 
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Indian Standard 

ELECTRICAL INSULATING MATERIALS — 
THERMAL ENDURANCE PROPERTIES 

PART 7 DETERMINATION OF THERMAL ENDURANCE INDICES (Tl AND RTE) 
OF AN INSULATING MATERIAL USING THE FIXED TIME FRAME METHOD 

1 Scope 

This part of IEC 60216 specifies the experimental and calculation procedures for deriving the 
thermal endurance characteristics, temperature index (Tl) and relative thermal endurance 
index (RTE) of a material using the "fixed time frame method (FTFM)". 

In this protocol, the ageing takes place for a small number of fixed times, using the appro- 
priate number of ageing temperatures throughout each time, the properties of the specimens 
being measured at the end of the relevant time interval. This differs from the procedure of 
IEC 60216-1, where ageing is conducted at a small number of fixed temperatures, property 
measurement taking place after ageing times dependent on the progress of ageing. 

The diagnostic tests employed in the fixed time frame method are restricted to destructive 
tests. The method has not as yet been applied to non-destructive or proof test procedures. 

Both the Tl and the RTE determined according to the FTFM protocol are derived from 
experimental data obtained in accordance with the instructions of IEC 60216-1 and 
IEC 60216-2 as modified in this standard. The calculation procedures and statistical tests are 
modified from those of IEC 60216-3 and IEC 60216-5. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60212, Standard conditions for use prior to and during the testing of solid electrical 
insulating materials 

IEC 60216-1:2001, Electrical insulating materials - Properties of thermal endurance - Part 1: 
Ageing procedures and evaluation of test results 

IEC 60216-2, Electrical insulating materials - Thermal endurance properties - Part 2: 
Determination of thermal endurance properties of electrical insulating materials - Choice of 
test criteria 

IEC 60216-3:2002, Electrical insulating materials - Thermal endurance properties - Part 3: 
Instructions for calculating thermal endurance characteristics 
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IEC 60216-4-1, Electrical insulating materials - Thermal endurance properties - Part 4-1: 
Ageing ovens - Single-chamber ovens 

IEC 60216-4-2, Electrical insulating materials - Thermal endurance properties - Part 4-2: 
Ageing ovens - Precision ovens for use up to 300 °C 

IEC 60216-4-3, Electrical insulating materials - Thermal endurance properties - Part 4-3: 
Ageing ovens - Multi-chamber ovens 

IEC 60216-5, Electrical insulating materials - Thermal endurance properties - Part 5: 
Determination of relative thermal endurance index (RTE) of an insulating material 

IEC 60493-1:1974, Guide for the statistical analysis of ageing test data - Part 1: Methods 
based on mean values of normally distributed test results 

3 Terms, definitions, symbols and abbreviated terms 

For the purposes of this document, the following terms, definitions, symbols and abbreviations 
apply. 

3.1 Terms, abbreviations and definitions 

3.1.1 

assessed thermal endurance index 

ATE 

numerical value of the temperature in degrees Celsius, up to which the control material 
possesses known, satisfactory service performance in the specified application 

NOTE 1 The ATE of a specific material may vary between different applications of the material. 

NOTE 2 ATE is sometimes referred to as "absolute" thermal endurance index. 

3.1.2 

ageing temperature 

temperature in degrees Celsius at which a group of specimens is thermally aged 

3.1.3 

end-point temperature 

temperature in degrees Celsius at which a specimen is considered to have reached end-point 
after ageing for a specified time 

3.1.4 

candidate material 

material for which an estimate of the thermal endurance is required to be determined 

NOTE The determination is made by simultaneous thermal ageing of the material and a control material. 

3.1.5 

central second moment of a data group 

sum of the squares of the differences between the data values and the value of the group 
mean divided by the number of data in the group 
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3.1.6 

95 % confidence limit 

statistical parameter, calculated from test data, which with 95 % confidence constitutes an 
upper or lower limit for the true value of a quantity estimated by statistical analysis 

NOTE 1 This implies that there is only 5 % probability that the true value of the quantity estimated is actually 
larger (or smaller) than the upper (or lower) confidence limit. 

NOTE 2 In other connections, confidence values other than 95 % may sometimes be used, e.g. in the linearity 
test for destructive test data. 

3.1.7 

control material 

material with known assessed thermal endurance index (ATE), preferably derived from 
service experience, used as a reference for comparative tests with the candidate material 

3.1.8 

correlation coefficient 

number expressing the completeness of the relation between members of two data sets, equal 
to the covariance divided by the square root of the product of the variances of the sets 

NOTE 1 The value of its square is between (no correlation) and 1 (complete correlation). 

NOTE 2 In this standard, the two data sets are the values of the independent variable and the means of the 
corresponding dependent variable groups. 

3.1.9 

correlation time (RTE) 

estimated time to end-point of the control material at a temperature equal to its ATE in 
degrees Celsius 

3.1.10 

correlation time (Tl) 

hypothetical time to end-point used to calculate Tl 

NOTE Its usual value is 20 000 h. 

3.1.11 

covariance (of data sets) 

for two sets of data with equal numbers of elements where each element in one set 
corresponds to one in the other, sum of the products of the deviations of the corresponding 
members from their set means, divided by the number of degrees of freedom 

3.1.12 

degrees of freedom 

number of data values minus the number of parameter values 

3.1.13 
destructive test 

diagnostic property test, where the test specimen is irreversibly changed by the property 
measurement, in a way which precludes a repeated measurement on the same specimen 

NOTE An example of a destructive test is measurement of electric strength. An example of a non-destructive test 
is measurement of tg S. 

3.1.14 
end-point line 

line parallel to the temperature axis intercepting the property axis at the end-point value 
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3.1.15 

halving interval 

HIC 

numerical value of the temperature interval in kelvins which expresses the halving of the time 
to end-point taken at a time equal to Tl 

3.1.16 

regression analysis 

process of deducing the best fit line expressing the relation of corresponding members of two 
data groups by minimizing the sum of squares of deviations of members of one of the groups 
from the line 

3.1.17 

regression coefficients 

coefficients of the equation of the best fit line derived by regression analysis 

3.1.18 

relative thermal endurance index 

RTE 

estimate of the thermal endurance of a candidate material, made by thermal ageing 
simultaneously with the control material, as described in this standard 

NOTE The value of RTE is the value of the temperature in degrees Celsius at which the estimated time to end- 
point of the candidate material is the same as the estimated time to end-point of the control material at a 
temperature equal to its ATE. 

3.1.19 
significance 

probability of a value of a statistical function greater than a specified value 

NOTE The value is equal to (1-p) where p is the cumulative distribution function value. Significance is 
conventionally printed in upper case (P). 

3.1.20 

standard deviation 

square root of the variance of a data group or sub-group 

3.1.21 

standard error of an estimate of the true value of a data group property 

value of the standard deviation of the hypothetical sampling population of which the group 
property may be considered to be a member 

NOTE For an estimate of the group mean, the standard error is equal to the group standard deviation divided by 
the square root of the number of data in the group, and indicates the uncertainty in the estimate of the true value of 
the mean. This standard is concerned only with means and the difference between two means. 

3.1.22 

temperature index 
Tl 

numerical value of the temperature in degrees Celsius derived from the thermal endurance 
relationship at a time of 20 000 h (or other specified time) 

3.1.23 

temperature group (of specimens) 

number of specimens being exposed together to thermal ageing at the same temperature in 
the same oven 

NOTE Where there is no risk of ambiguity, either temperature groups or test groups may be referred to simply as 
"groups". 
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3.1.24 

test group (of specimens) 

number of specimens removed together from a temperature group for destructive testing 

NOTE Where there is no risk of ambiguity, either temperature groups or test groups may be referred to simply as 
"groups". 

3.1.25 

thermal endurance graph 

graph in which the logarithm of the time to reach a specified end-point in a thermal endurance 
test is plotted against the reciprocal thermodynamic (absolute) test temperature 

3.1.26 

thermal endurance graph paper 

graph paper having a logarithmic time scale as the ordinate and values proportional to the 
reciprocal of the thermodynamic (absolute) temperature as the abscissa 

NOTE The ordinate is usually graduated in powers of ten (from 10 h to 100 000 h is often a convenient range). 
The abscissa is usually graduated in a non-linear (Celsius) temperature scale oriented with temperature increasing 
from left to right. 

3.1.27 

time group (of specimens) 

all test groups removed for testing at the same time 

3.1.28 

variance of a data group 

sum of the squares of the deviations of the data from a reference level defined by one or more 
parameters divided by the number of degrees of freedom 

NOTE The reference level may, for example be a mean value (1 parameter) or a line (2 parameters, here 
intercept on the axis of the independent variable and slope). 

3.2 Symbols and abbreviated terms 

The following symbols are used in the calculations of Clauses 6, 7 and 12. 

Symbol Description Clause 

a Regression coefficient: intercept of regression line with x-axis 6.4.3 

b Regression coefficient: slope of regression line relative to j-axis 6.4.3 

b r Parameter derived from b for calculation of Y c o.o.o 

b p Regression coefficient for destructive test calculations 6.3.4 

c Parameter in calculation of % 2 6.5.1 

F T^-distributed variance ratio for linearity test 6.3.3,6.5.2 

g, h, i,j Indexing parameters for regression calculations 6.3, 6.4 

HIC Halving interval 7.1 

k Number of ageing times 6.1.1 

N Total number of xy values 6.4.2 

iij Number of x t i values in time group i 6.1.1 

P Significance of the value of a statistical test function , _ ' 

a B, and C 

p e End-point property value 6.3 
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pah Property value h in temperature group g (time group i implied) 6.3 

- Mean property value in temperature group g (time group i 6.3 

g implied) 

q Base of logarithms in calculation of x 2 6.5.1 

r Number of temperature groups selected in time group i 6.3.2 

r 2 Square of correlation coefficient 6.4.3 

s 2 Total (non-regression) variance of x-values 6.5.2 

2 Variance of property values in temperature group g (time group 6.3.2 

1g i implied) 

s 2 Value of s 2 adjusted to allow for acceptable non-linearity 6.5.2 

s r Parameter derived from s 2 for calculation of Y c b.o.o 

t Student's /-distributed stochastic variable 6.5.3 

TC, TC a Lower confidence limit of Tl or Tl a (see s 2 above) '■' 

t PiN Value of t with probability /? and N degrees of freedom 6.5.3 

xh Value of x, index numbery , in time group i 6.3.4 

x General mean of x-values 6.4.2 

X, X c Estimate of x, and its confidence limit 6.5.3 

yi Value of y for time group i 6.1.1 

y General mean of j-values 6.4.2 

Y Yr. Estimate of v, and its confidence limit 6.5.3 

z .. Reciprocal kelvin temperature for z?« 6.1.1 

Hixy) Central 2 nd moment of y values 6.4.2 

v Total number of property values in time group (i implied) 6.3.2 

X 2 x 2 distributed variable for variance equality (Bartlett's) test 6.5.1 

&ij Ageing temperature for specimen groupy in time group / 6.1.1 

&o 273,15 K (corresponding to °C) 6.1.1 

Tj Ageing time for time group i 6.1.1 



4 FTFM protocol 

4.1 Principles and objectives 

4.1.1 Principles of FTFM protocol 

The FTFM (fixed time frame method) protocol is based upon the principle that thermal ageing 
for determination of thermal endurance characteristics is carried out over a small number of 
fixed times, with a sufficient range of ageing temperatures at each time to ensure that the 
property values determined reach the end-point in a satisfactory manner. 
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In this it differs from the fixed temperature frame procedure of IEC 60216-1, where a small 
number of ageing temperatures is employed, with ageing being carried out with testing at 
intervals, until the end-point has been reached. 

4.1.2 Objective of FTFM protocol 

The objective of the protocol is to achieve the following advantages: 

The determination of thermal endurance characteristics is completed in a fixed, pre- 
determined time. 

This enables much more efficient planning of the determination, and will often have 
substantial commercial advantage. A simple Tl determination will be completed in 5 kh, 
whereas by the fixed temperature frame procedure, it may be necessary for ageing to be 
considerably prolonged past this time to achieve the end-point at the lowest chosen ageing 
temperature. 

Each temperature to end-point (i.e. time-group mean) in the thermal endurance regression is 
based on the temperatures selected in a time group. The number of temperatures selected 
may be any number between three (3) and the number of temperature groups in a time group. 

Since the largest source of systematic error in the fixed temperature frame procedure is 
temperature error (actual indication error or temperature distribution error), systematic errors 
can be considerably reduced. Errors from this source can lead to results which are either 
inaccurate or invalid through incorrect assessment of linearity. 

5 Tl determination 

5.1 Ageing procedures 

Each test procedure shall specify the shape, dimensions and number of the test specimens, 
the times of exposure, the property to which Tl is related, the methods of its determination, 
the end-point, and the derivation of the thermal endurance characteristics from the 
experimental data. 

The chosen property should, if possible, reflect in a significant fashion a function of the 
material in practical use. A choice of properties is given in IEC 60216-2. 

To provide uniform conditions, the conditioning of specimens after removal from the oven and 
before measurement may need to be specified. 

5.2 Ageing times and temperatures 

In the majority of cases, the required thermal endurance characteristics are for a projected 
duration of 20 000 h. However, there is often a need for such information related to other, 
longer or shorter times. In cases of longer times, the times given as requirements or 
recommendations in the text of this standard (e.g. 5 kh for the minimum value of the longest 
ageing time) shall be increased in the ratio of the actual specification time to 20 kh. 

In cases of shorter specification times, the related times may be decreased in the same ratio 
if necessary. 
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Particular care will be needed for very short specification times, since the higher ageing 
temperatures may lead into temperature regions which include transition points, e.g. glass 
transition temperature or partial melting, with consequent non-linearity. Very long specification 
times may also lead to non-linearity. 

Recommendations for ageing times and temperatures are given in Annex D. 

5.3 Test specimens 

5.3.1 Preparation 

The specimens used for the ageing test shall constitute a random sample from the population 
investigated and shall be treated uniformly. 

Since processing conditions may significantly affect the ageing characteristics of some 
materials, it shall be ensured that, for example, sampling, cutting sheet from the supply roll, 
cutting of anisotropic material in a given direction, moulding, curing, preconditioning, are 
performed in the same manner for all specimens. 

The material specifications or the standards for the diagnostic test methods will contain all 
necessary instructions for the preparation of specimens. 

The thickness of specimens is in some cases specified in the list of property measurements 
for the determination of thermal endurance. See IEC 60216-2. If not, the thickness shall be 
reported. Some physical properties are sensitive even to minor variations of specimen 
thickness. In such cases the thickness after each ageing period may need to be determined 
and reported if required in the relevant specification. 

The thickness is also important because the rate of ageing may vary with thickness. Ageing 
data of materials with different thicknesses are not always comparable. Consequently, a 
material may be assigned more than one thermal endurance characteristic derived from the 
measurement of properties at different thicknesses. 

The tolerances of specimen dimensions shall be the same as those normally used for general 
testing. Where specimen dimensions need smaller tolerances than those normally used, these 
special tolerances shall be given. 

Screening measurements ensure that specimens are of uniform quality and typical of the 
material to be tested. 

5.3.2 Number of specimens 

The accuracy of endurance test results depends largely on the number of specimens aged at 
each temperature. 

The total number of specimens (N) is derived as follows: 

N = axbxc + d 
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where 

a is the number of specimens in a test group undergoing identical treatment at one 
temperature and discarded after determination of the property (usually five); 

b is the number of treatments, i.e. total number of exposure temperatures, at one time; 

c is the number of ageing time levels; 

d is the number of specimens in the group used to establish the initial value of the 
property. Normal practice is to select d = 2a when the diagnostic criterion is a 
percentage change of the property from its initial level. When the criterion is an absolute 
property level, d is usually given the value of zero, unless reporting of the initial value is 
required. 

It is good practice to prepare additional specimens, or at least to provide a reserve from the 
original material batch from which such specimens may subsequently be prepared. In this way 
any required ageing of additional specimens in case of unforeseen complications will 
introduce a minimum risk of producing systematic differences between groups of specimens. 
Such complications may arise, for example, if the thermal endurance relationship turns out to 
be non-linear, or if specimens are lost due to thermal runaway of an oven. 

5.4 Diagnostic tests 

If IEC material specifications are available, property requirements in terms of acceptable 
lower limits of Tl values are usually given. If such material specifications are not available, a 
selection of properties and methods for the evaluation of thermal endurance is given in 
IEC 60216-2. 

If such a method cannot be found, an international, national or institution standard or a 
specially devised method should be used in that order of preference. In this case, the 
diagnostic test shall be stated in the report, including the property, measurement procedure 
and end-point. 

5.5 Selection of end-points 

The thermal endurance of materials may need to be characterized by different endurance data 
(derived using different properties and/or end-points), in order to facilitate the adequate 
selection of the material in respect of its particular application. See IEC 60216-2. 

There are two alternative ways in which the end-point may be defined: 

a) as a percentage increase or decrease in the measured value of the property from the 
original level. This approach will provide comparisons among materials but bears a poorer 
relationship than item b) to the property values required in normal service. For the 
determination of the initial value, see 5.6; 

b) as a fixed value of the property. This value might be selected with respect to usual service 
requirements. End-points of proof tests are predominantly given in the form of fixed values 
of the property. 

The end-point should be selected to indicate a degree of deterioration of the insulating 
material which has reduced its ability to withstand a stress encountered in actual service. The 
degree of degradation indicated as the end-point of the test should be related to the allowable 
safe value for the material property which is desired in practice. 
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5.6 Establishment of initial property value 

Select the specimens for the determination of the initial value of the property to constitute a 
random subset of those prepared for ageing. Before determining the property value these 
specimens shall be conditioned by exposure to the lowest level of ageing temperature of the 
test (see 5.2), for two days (48 ± 6) h. 

NOTE In some cases (e.g. very thick specimens) times greater than two days may be necessary to establish a 
stable value. 

Unless otherwise stated in the method for determining the diagnostic property (for example, 
parts of materials specifications dealing with methods of test, or a method listed in 
IEC 60216-2), the initial value is the arithmetic mean of the test results. 

5.7 Ageing conditions 

5.7.1 Ageing ovens 

Throughout the heat ageing period, ageing ovens shall maintain, in that part of the working 
space where specimens are placed, a temperature with tolerances as given in IEC 60216-4. 
Unless otherwise specified, IEC 60216-4-1 shall apply. IEC 60216-4-2 and 60216-4-3 may be 
specified in special cases. 

The circulation of the air within the oven, and the exchange of the air content should be 
adequate to ensure that the rate of thermal degradation is not influenced by accumulation of 
decomposition products or oxygen depletion (see 5.7.2). 

5.7.2 Environmental conditions 

Unless otherwise specified, the ageing shall be carried out in ovens operating in the normal 
laboratory atmosphere. However, for some materials very sensitive to the humidity in the 
ovens, more reliable results are obtained when the absolute humidity in the ageing oven room 
is maintained at the value equal to the absolute humidity of standard atmosphere B according 
to IEC 60212. This, or other specified conditions, shall then be reported. 

NOTE The effects of special environmental conditions such as extreme humidity, chemical contamination or 
vibration in many cases may be more appropriately evaluated by insulation systems tests. Although environmental 
conditioning, the influence of atmospheres other than air and immersion in liquids, such as oil, may be important, 
these are not the concern of this standard. 

5.7.3 Conditions for property measurement 

Unless otherwise specified, the specimens shall be conditioned before measurement, and 
measured under conditions as stated in the material standard specification. 

5.8 Procedure for ageing 

Establish a testing scheme, as for example outlined in Annex D. 

Prepare a number of specimens following the instructions of 5.3.2. If necessary, determine 
the initial value of the property as specified in 5.6. Divide the specimens by random selection 
into test groups appropriate for the testing scheme. Place the appropriate numbers of groups 
in each of the ovens at the required temperature. 

NOTE Attention should be given to the recommendation in Annex D (NOTE 2) to prepare extra groups of 
specimens should the thermal endurance characteristics of the material be unsuited to the basic recommendation 
of Annex D. 
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After each ageing time, select at random one group from each of the appropriate ageing 
ovens and remove it from the oven. Allow to cool to room temperature unless otherwise 
specified. If specified, condition for the specified time in the specified atmosphere, and test 
the specimens by the specified test procedure. 

It is recommended to carry out calculations as data become available, particularly for the 
shortest exposure time. 

Evaluate the results as specified in Clause 6. 

6 Calculation procedures 

6.1 General principles 

6.1.1 Thermal endurance calculation 

The general calculation procedures and instructions given in 6.4 are based on the principles 
set out in IEC 60493-1, modified as follows (see 3.7.1 of IEC 60493-1:1974). 

a) The relation between the mean of the reciprocals (x) of the thermodynamic (absolute) 
temperatures at which the specified end-point is reached and the logarithm (y) of the 
ageing time is linear. 

b) The values of the deviations of the values of x from the linear relation are normally 
distributed with a variance which is independent of the ageing time. 

The data used in the general calculation procedures are obtained from the experimental data 
by a preliminary calculation. Calculation data comprise values of z, y, n and k, where 

zy =1 / (t%- +6>o) ~ reciprocal of thermodynamic value in K of ageing temperature z%in °C; 

y t = log Tj = logarithm of value of ageing time in h ( r t ); 

n i = number of z values in group number i aged for time z i ; 

k = number of ageing times or groups of x values. 

NOTE Any number may be used as the base for logarithms, provided consistency is observed throughout 
calculations. The use of natural logarithms (base e) is recommended, since most computer programming 
languages and scientific calculators have this facility. 

6.1.2 Property value - equivalent temperature transform 

(Calculation of hypothetical ageing temperature derived from the value of a property) 

When destructive test criteria are employed, each test specimen is destroyed in obtaining a 
property value: for this reason, time and/or temperature values necessary to reach end-point 
cannot be directly measured. To enable estimates of the times to end-point to be obtained, 
the following assumptions are made that in the vicinity of the end-point (for one ageing time): 

a) the relation between the mean property values and the reciprocals of the thermodynamic 
temperatures is approximately linear; 

b) the values of the deviations of the individual property values from this linear relation are 
normally distributed with a variance which is independent of the temperature; 
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c) the curves of property versus reciprocal of the ageing (thermodynamic) temperature for 
the individual test specimens are straight lines parallel to the line representing the relation 
of a) above. 

For application of these assumptions, an ageing curve is drawn of the data obtained at each 
of the ageing times. The curve for each ageing time is obtained by plotting the mean value of 
property for each specimen group against the reciprocal of its ageing temperature (thermo- 
dynamic) If possible, ageing is conducted at sufficiently high and low ageing temperatures 
that at least one group mean is above and at least one below the end-point level. An 
approximately linear region of this curve is drawn (including at least three group means) in the 
vicinity of the end-point (Figure E.1). 

NOTE A non-linear temperature scale graduated in °C is usually employed as the abscissa axis (see Figure E.1). 

A statistical test (F-test) is carried out to decide whether deviations from linearity of the 
selected region are acceptable (see 6.3.3). If acceptable, then on the same graph points 
representing the properties of the individual specimens are drawn. A line parallel to the 
ageing line is drawn through each individual specimen data point: the estimate of the value of 
x for that specimen is then the value of the reciprocal of the (thermodynamic) temperature 
corresponding to the intersection of the line with the end-point line (Figure E.1). 

With some limitations, an extrapolation of the linear mean value graph to the end-point level is 
permitted. 

The above operations are executed numerically in the calculations detailed in 6.3.2 and 6.3.3. 

6.2 Precision of calculations 

Many of the calculation steps involve summing of the differences of numbers or the squares 
of these differences, where the differences may be small by comparison with the numbers. In 
these circumstances it is necessary that the calculations be made with an internal precision of 
at least six significant digits, and preferably more, if precision of three digits is to be achieved 
in the result. In view of the repetitive and tedious nature of the calculations it is strongly 
recommended that they be performed using a programmable calculator or microcomputer, in 
which case internal precision of ten or more digits is easily available. 

6.3 Derivation of temperatures equivalent to property values 

Within the groups of specimens aged for each time T t , carry out the procedures described in 
6.3.1 to 6.3.3. 

6.3.1 Preliminary calculations 

Calculate the value of y corresponding to each ageing time t 

yi =iog r t (1) 

Calculate the value of z corresponding to each ageing temperature 6 

z tJ = M[^ + O ) (2) 
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6.3.2 Regression calculations (property on temperature) 

Calculate the mean property value for the data group obtained at each ageing temperature 
(see equation (3)) and the corresponding value of z. Plot these values on a graph with the 
property valuer as ordinate and z as abscissa (see Figure E.1). 

Fit by visual means a smooth curve through the mean property points. 

Select a temperature range within which the curve so fitted is approximately linear (see 
6.3.3). Ensure that this temperature range includes at least three mean property values with 
at least one point on each side of the end-point line p = p e . If this is not the case, and further 
measurements at higher temperatures cannot be made (for example, because no specimens 
remain), a small extrapolation is permitted, subject to the conditions of 6.3.3. 

The index i is omitted from the expressions in 6.3.2 and 6.3.3 in order to avoid confusing 
multiple index combinations in print. The calculations of these subclauses shall be carried out 
separately on the data from each ageing time. 

Let the number of selected mean values (and corresponding value groups) be r, the 
reciprocals of the individual ageing temperatures be z„ and the individual property values be 
p gh , where 

g - 1 ... r is the order number of the selected group aged at temperature & g ; 

h - 1 ... n is the order number of the property value within group number g; 

n is the number of property values in group number g. 

NOTE In most cases the numbers n g of specimens tested at all test temperatures are identical, but this is not a 
necessary condition, and the calculation can be carried out with different values of n„ for different groups. 

Calculate the mean value p g and the variance sf g for each selected property value group. 



p g = Tp g iJ n t 

A=1 



(3) 



'ig 



TPgh-n g Pg 



L-i) 



(4) 



Make the following calculations: 



v= Z" g 
g=i 



(5) 



z= £z « /v 

g=1 



(6) 



p = TPg n g /v 



(7) 
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Calculate the coefficients of the regression equation, p = a„ + b„z 



a p =p-b„z 



(8) 



t.n x z x pg-vzp 



Y.nA-Vz 2 



U=1 



(9) 



Calculate the pooled variance within the property groups 



s 2 = £{n g -^s 2 g /{v-r) 

g=1 



(10) 



Calculate the weighted variance of the deviations of the property group means from the 
regression line 



4=I.n g (p g -P g ) 2 /{r-2) 



(11) 



where 



P g =a p +b p z g 



(12) 



This may also be expressed as 





f 

V -2 
T"gPg - 


-vp 


-bp 


f 




V g=1 


) 




K 



Zn g z g p g -vzp 
g=1 



(r-2) 



(13) 



6.3.3 Linearity test 

Make the F-test for non-linearity at significance level 0,05 by calculating 



F = s 2 /s 2 



(14) 



If the calculated value of F exceeds the tabulated value F^ with / n = r - 2 and f d = v-r 

degrees of freedom (see Table C.3), change the selection in 6.3.2 and repeat the 
calculations. 

If it is not possible to satisfy the T^-test on the significance level 0,05 with r > 3, make the F- 
test at a significance level 0,005 by comparing the calculated value of F with the tabulated 
value F 2 with/ n =r-2and/ d = v-r degrees of freedom (see Table C.4). 

If the test is satisfied at this level, the calculations may be continued, but the adjustment of Tl 
according to 7.2.2, equation (48) is not permitted. 

If the T^-test on significance level 0,005 (i.e. F < F 2 ) cannot be satisfied, or the property points 
plotted in 6.3.2 are all on the same side of the end-point line, an extrapolation may be 
permitted, subject to the following condition: 
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If the F-test on significance level 0,05 can be met for a range of values (with r £ 3) where all 
mean values p g are on the same side of the end-point value p e , an extrapolation may be 

made provided that the absolute value of the difference between the end-point value p e and 
the mean value p g closest to the end-point (usually p r ) is less than one quarter of the 

absolute value of the difference (p^ -p r ). 

NOTE In Figure E.1, if p e were 5 000, the calculation would be as follows: 

p-\ is the value of the mean of the leftmost data group in the selection box, p r of the rightmost. The condition is 
then 

\Pr~Pe\^ {P'i-Prl /4 
The enclosing vertical lines imply the absolute value of the content. 

In this case calculations can be continued, but again it is not permitted to carry out the adjust- 
ment of Tl according to 7.2.2, equation (48). 

6.3.4 Estimation of end-point temperatures equivalent to property values 

For each of the h values of property in each of the g selected groups, calculate the equivalent 
reciprocal end-point temperature: 



u p 

and n i ■. = v (16) 

where 

j = 1 ... n i is the order number of the x-value in the group of estimated x-values at 

ageing time r,- and z„ is the reciprocal of the ageing temperature; 

the n i values of x t - are reciprocal end-point temperature values to be used in the 
calculations of 6.4. 

6.4 Regression analysis (temperature on time) 

NOTE Where the determination is part of the determination of RTE (see Clause 3) the results from some 
equations will be required as input data for both control and candidate materials. If the calculations are made by 
computer program, a subroutine to save them to a data file will be useful. 

Results from equations (19), (20), (21), (23), (25), (26), (33) or (34) and (46) will be required. In addition the value 
of the logarithm of the longest ageing time will be required to complete the input data. 

6.4.1 Group means and variances 

Calculate the mean and variance of the group of x-values, Xy, obtained at each ageing 
time t; : 



7=1 
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4 



Z-i x ij ~ n i x i 



/(„,. - 1) 



(18) 



6.4.2 General means and variances 



Calculate the total number of x t - values, N, the weighted mean value of x, (*,), and the 
weighted mean value of y, \y): 



N=2Z"i 
j=1 



(19) 



X = 2~l n i x i IN 



(20) 



y = Y J n i y i lN 



(21) 



Calculate the pooled variance within the data groups: 






(22) 



Calculate the second central moment of the y values: 



M2(y)- 



( k A 

V 2 , r -2 

v^ 

AT 



(23) 



6.4.3 Regression 

In the expression for the regression line: 



x = a + by 



(24) 



Calculate the slope: 



( k - -- A 

2Z n i x tyi ~ Nx y 

U=1 J 

( k ^ 

V 2 Ar -2 



(25) 



the intercept on they-axis 



a = x -by 



(26) 
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and the square of the correlation coefficient: 

' *' _ __ 

Y i n i x i y i -Nxy 



V'=1 



( t 

I 

V'=1 



Y * 
A (=1 



(27) 



^n,.x?-Nx 2 ^n^f-Ny 



Calculate the variance of the deviations of the x-means from the regression line: 



4 = I 



r n i \ x i ~ x i T 



1 {k-2) 



, X t =a + by i 



or 



(^1(^2^-2 



(k-2) 



U=1 



(28) 



(29) 



6.5 Statistical tests 

6.5.1 Variance equality test 

Calculate the value of Bartlett's x 2 function: 



X 



Inq 



Gv-*)log qSl 2 _£( n . -l)log q 4 



(30) 



where 



c = 1 + - 



1 



1 



,=1 (ij^-1) (JV-*) 
3(*-l) 



(31) 



q is the base of the logarithms used in this equation. It need not be the same as that used in 
the calculations elsewhere in this clause. 

If q = 10, In q = 2,303; if q = e, In q = 1. 

Compare the value of/ 2 with the tabulated value for/= (£-1) degrees of freedom (Table C.1). 

If the value of/ 2 is greater than the value tabulated for a significance level of 0,05, report the 
value of x 2 and the significance level tabulated for the highest value less than x 2 - 

Alternatively, if both x 2 ar| d its significance level are calculated by a computer program, report 
these. 

6.5.2 Linearity test (TMest) 

The variance of the deviations from the regression line s 2 is compared with the pooled 
variance within the k groups of measurements s 2 by the F-test at a significance level of 0,05. 



Calculate the ratio 



F = s 2 /s 2 



(32) 
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and compare its value with the tabulated value F with f n - k - 2 and f d - N - k degrees of 
freedom (Table C.3). 

F = 7^(0,95, k -2, N- k) 

a) If F < F Q calculate the pooled variance estimate 

2 _ (N-k)sf + {k-2)sj 



(N-2) 

b) If F > F , adjust s 2 to [s3j = s^(f/F ) and calculate an adjusted value of s 2 

2 _ {N-k)( s ^) a +{k-2)sj 
* a ~ {N^2) 

6.5.3 Estimates of x and y and their confidence limits 



(33) 



(34) 



Obtain the tabulated value of Student's t with N-2 degrees of freedom at a confidence level of 
0,95, * ,95,tf-2 (Table C.2). 

a) X-estimates 

Calculate the 7-value corresponding to the time, t, at which the estimate is required: 
Calculate the estimated value of X corresponding to the given Y, and its upper 95 % 



confidence limit X r 



X c — X + t s x \ X — a — bY ', ^ — ^0 95 N-2 



(35) 



s 

N 



1 + 



where 



(Y-yf 
Y = log x 



(36) 



(37) 



Calculate the temperatures corresponding to the values of X and X c 



$-- 



X 



n 



(38) 



For the confidence limit curve of the thermal endurance graph (see 6.6), X c is calculated 
for several values of Y over the range of interest, and a smooth curve drawn through the 
points (X C ,Y) plotted on the graph. 

If F > F Q the value of s 2 shall be replaced by s 2 (equation 34). 

b) 7-estimates 

Calculate the value of Y and its lower 95 % confidence limit, corresponding to an end- 
point temperature Z?y 

(x - x) t s r 



Y c =y+- 



b r b r 



t = t 



0,95, N-2' 



X = v{& f +0 o ) : Y = {X-a)/b 



(39) 
(40) 
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,2 2 

t s 

Nb/u 2 {y) 



(41) 



N 



, , fr-;F 



(42) 



The time estimate and its lower 95 % confidence limit shall be calculated from the 
corresponding Y estimate and its lower confidence limit : 



r = q J , r c =q c 
where q is the base of the logarithms used in the calculations (see Note in 6.1.1). 



(43) 



6.6 Thermal endurance graph 

When the regression line has been established, it is drawn on the thermal endurance graph, 
i.e. a graph with y = log(r ) as ordinate and x = 1/(^+(9 ) as abscissa. Usually x is plotted as 
increasing from right to left and the corresponding values of j3 in degrees Celsius (°C) are 
marked on this axis (see Figure E.2). Special graph paper is obtainable for this purpose. 

Alternatively a computer program executing this calculation may include a subroutine to plot 
the graph on the appropriate non-linear scale. 



The individual values x tj and the mean values x i obtained as in 6.4.1 are plotted on the graph 
at the corresponding values of y t : 



y t = log Tj 



(44) 



The thermal endurance graph may be completed by drawing the lower 95 % confidence curve 
(see 6.5.3). 



7 Calculation and requirements for results 

7.1 Calculation of thermal endurance characteristics 

Using the regression equation 

y = {x — a)l b 



(45) 



(the coefficients a and b being calculated according to 6.4.3), calculate the temperature in 
degrees Celsius (°C) corresponding to a time to end-point of 20 kh, TI 2 q- The numerical value 
of this temperature is the temperature index, Tl. 

Calculate by the same method the numerical value of the temperature corresponding to a time 
to end-point of 10 kh, Tl 10 . The halving interval HIC is : 



HIC = TI 10 -Tl 



20 



(46) 
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Calculate by the method of 6.5.3 a), with Y = log 20 000, the lower 95 % confidence limit of Tl: 
TC or TC a if the adjusted value s% is used. 

Determine the value of (Tl - TC)/HIC or (Tl - TC a )/HIC. 
Plot the thermal endurance graph (see 6.6). 

7.2 Reporting of results 

7.2.1 Summary of statistical tests and reporting 

In Annex B, if the condition in the column headed "Test" is not met, the action is as indicated 
in the final column. If the condition is met, the action is as indicated at the next step. The 
same sequence is indicated in the decision flow chart for thermal endurance calculations, 
(see Annex A). 

7.2.2 Report format 

If the value of (Tl - TC)/HIC is < 0,6, the test result shall be reported in the format 

TI(HIC): ( ) (47) 

in accordance with 6.8 of IEC 60216-1. 

If 0,6 < (Tl - TCj/HIC < 1 ,6 and at the same time, F < F (see 6.3.2), the value 

Tl a =TC + 0,6HIC (48) 

together with HIC shall be reported as Tl (HIC):. ...(...). 

In all other cases the result shall be reported in the format 

Tl g = :HIC g = (49) 

8 Report 

The test report shall include: 

a) a description of the tested material including dimensions and any conditioning of the 
specimens; 

b) the property investigated, the chosen end-point, and, if it was required to be determined, 
the initial value of the property; 

c) the test method used for determination of the property (for example by reference to an IEC 
publication); 

d) any relevant information on the test procedure, for example ageing environment; 

e) the individual test times, the ageing temperatures and individual property values, with the 
graphs of variation of property with ageing temperature; 

f) the thermal endurance graph; 

g) the temperature index and halving interval reported in the format defined in 7.2.2; 
h) the value of/ 2 and P if required by 6.5.1. 
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9 RTE determination 

9.1 Objectives of RTE determination 

The objectives of the determination are as follows. 

a) To exploit an assumed relationship between thermal endurance (with an appropriate test 
criterion for ageing) and service performance, and to use this to predict a value for initial 
assessment of service temperature of a material for which there is relatively little service 
experience (by comparison with a known control material - see Clauses 1 1 and 12). 

NOTE In the majority of cases, this will involve extrapolation to a longer time or lower temperature than is 
present in the experimental data. This extrapolation should be kept to a minimum by appropriate choice of 
ageing temperatures and times (see Clause D.2 and Figure E.5), since the uncertainty in the result increases 
rapidly as the extrapolation is increased. However, even when there is no extrapolation, there is still a non- 
zero uncertainty, on account of the variances of the experimental data and other experimental errors. 

b) To improve the precision of a thermal endurance determination by reduction of systematic 
errors in the ageing process. If after ageing, the results for the control material are found 
to be significantly different from earlier experience, this may indicate changes in material 
or equipment. This may be investigated and possibly corrected. In any case, the 
simultaneous ageing of control and candidate will at least partially compensate for 
systematic changes. Statistical procedures for use in assessing the significance of 
changes are outlined in Annex F. 

10 Additional symbols 

These symbols are additional to those of 3.2 and are relevant only to Clauses 11 to 13. 

Symbol Description Clause 

A Subscript indicating control material 

ATE Known thermal endurance characteristic of control material 12.3 

B Subscript indicating candidate material 

HICb(c) Halving interval of candidate material at correlation time 13.1 

N D Total number of values in combined data of candidate and control 12.4 

materials 

RTE Estimated thermal endurance characteristic of candidate material 12.3 

(temperature index at correlation time) 

2 Variance of combined data of candidate and control materials 12.4 

S D Standard error of RTE (square root of S q ) ^-4 

x A Reciprocal thermodynamic temperature of ATE 12.3 

x B Reciprocal thermodynamic temperature of RTE 12.3 

^c(B) Confidence limit of x B 12.4 

Y c Logarithm of correlation time 12.3 

t c Correlation time (time corresponding to ATE of control material) 12.3 
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r k Longest ageing time 12.5 

^rte Value of RTE in degrees Celsius 12.3 

# C (B) Confidence limit of RTE (upper or lower) 12.4 

z?i c Lower confidence limit of RTE 12.4 

A R Lower confidence interval of RTE 12.4 

11 Experimental procedures 

11.1 Selection of control material 

The primary requirement for the control material is that the value of ATE for the application 
under consideration is known. The ATE, if determined by a thermal endurance procedure, 
shall be supported by actual service experience. The basis of the ATE shall be reported. 

The expected ageing mechanisms and rates of both materials shall be similar and relevant to 
the application. 

11.2 Selection of diagnostic test for extent of ageing 

The diagnostic test shall be one considered relevant to the application for which the RTE is 
required. The same test and end-point shall be applied to both control and candidate material. 

11.3 Ageing procedures 

The number and type of test specimens and the ageing times and temperatures for both 
materials shall be as specified in Clause 5. If employing the recommendations of Annex D, 
the lowest ageing temperature should be the lower of the expected Tl values for the two 
materials. 

At each ageing temperature, the oven load shall comprise appropriate numbers of specimens 
of both materials. The specimens shall be distributed in the oven so that there is likely to be 
no systematic difference between the conditions applied to the specimens of the two 
materials. 

12 Calculation procedures 

12.1 General principles 

The basis of the calculations is to calculate the thermal endurance characteristics of both 
materials (see 6.1.1 and 9.1a)). 

From the thermal endurance data obtained for the control material, the time is calculated at 
which the temperature index is equal to its known temperature characteristic (this is the time 
referred to as the "correlation time"). From the thermal endurance data obtained for the 
candidate material, the temperature index is calculated at the correlation time. This value is 
the desired RTE. 

The confidence intervals associated with this result are calculated by standard statistical 
procedures. 
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12.2 Input data 

For both materials, control and candidate, the following intermediate data values are required 
from the calculations of Tl (see 6.4). 



Intermediate value 


Symbol 


Equation 


Slope of regression line relative to v-axis 


b 


(25) 


Intercept of regression line on x-axis 


a 


(26) 


Weighted mean of v-values 


y 


(21) 


Central 2 nd moment of >--values 


vziy) 


(23) 


Weighted mean of data x-values 


X 


(20) 


Pooled total variance of data x-values 


2 
S 


(33) or (34) 


Number of x-values 


N 


(19) 


Halving interval 


HIC 


(46) 


Longest ageing time 


*k 





12.3 RTE 

Calculate the reciprocal thermodynamic temperature of ATE: 

1 
x A 



(ATE + O ) 



Calculate the correlation time r c and Y c , its logarithm 



(50) 



(x A -a A , 



^c=q 



(51) 



where q is the base of logarithms used in the calculations (see Note in 6.1.1). 
Calculate the estimate of x at the correlation time for the candidate material 

x B = a B + Y c b B 
The value of RTE is 



(52) 



z? RTE = O 

x B 



12.4 Confidence limits 

Calculate the estimate of x at the correlation time for the control material 



x A = a A + Y c b k 



(53) 



(54) 
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NOTE Numerically, x A is equal to X A . However, the latter is a scalar (i.e. non-variable) quantity while the former is 
random and normally distributed. The variance of the estimate of RTE is determined by the variance of the 



Calculate the variance of x A 



1 + 



(Yo - y ) 

M 2 (y 



2\ 



(55) 



Similarly, calculate the variance of x B 



M2(y) 



(56) 



Calculate the value of the variance ratio, F 



F = -|- if Sq > s\ , otherwise F 



(57) 



If the value of F is less than the value in Table C.3 for/ n = N A - 2 and f$ = N& - 2 degrees 

of freedom, then the variances are not considered significantly different. In this case, merge 
the variances, using equations (58) and (59), otherwise using equations (60) and (61). 

Statistically equal variances: 



2 *a Ua-2) + ^Ub-2) 

c_ = 



( ;v A + N B - 4 ) 



1 



1 



N A Nt 



(58) 



Nd = (N a + N b -4) 



(59) 



Statistically unequal variances: 



2 



A^A 



2 

Nn 



(60) 



A^D : 



UY 



[A 

Na-2 



[A 

A^B-2 



(61) 



If, in the second case, N D is not integral, round its value to the nearest integer. 
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Calculate the confidence limits of X B 

X c{B) =X B ±t {ND) s D (62) 

where t( N } is the value of t in Table C.2 for N D degrees of freedom. 
The confidence limits of RTE are 

*c(B)=— — -"00 (63) 

Normally, the lower confidence limit of RTE, ^ c is required, corresponding to the upper 
confidence limit of X B . 

The lower confidence interval A R shall be calculated by equation (64) 

&r=Jrte-Ac (64) 

12.5 Extrapolation 

re- 
calculate the extrapolation as the ratio — — . 

H 

13 Results and report 

13.1 Results of statistical and numerical tests 

The following criteria apply. 

a) Linearity of thermal endurance relationship (see 6.3.2 and 6.3.3 of IEC 60216-3). Both 
control and candidate data shall satisfy the requirements of IEC 60216-3. 

b) Extrapolation to the correlation time (see 12.5). The extrapolation, expressed as the ratio 
of correlation time to greatest ageing time, shall be less than 4. 

c) Lower confidence interval of RTE (see 12.4). The value of A R shall be less than the 
halving interval (HICb( C )) of the candidate material at a time equal to the correlation time 
(see 7.1 of IEC 60216-3). 



HIC B ( C ) = 6b 



1 1 



)n(T c /2)-a B ) (lnr c -a B ) 



(65) 



13.2 Result 



The result shall be determined from the calculations of 12.4 and 12.5 and expressed as 
follows. 

a) If all three test criteria (see 13.1) are satisfied, the result shall be the value of RTE. The 
result shall be reported in the format 
"RTE according to IEC 60216-6 = xxx" 
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b) If one of the test criteria is not satisfied, the result shall be the lower 95 % confidence limit 
of RTE. The result shall be reported in the format 

"RTE according to IEC 60216-6 = xxx" 

c) If two or more of the criteria are not satisfied, a result in accordance with the requirements 
of IEC 60216-6 cannot be reported. The result may be reported in the format 

"RTE = xxx. (Result not validated by the statistical analysis)" 

13.3 Report 

The report shall comprise the following: 

a) the result; 

b) the identification of the control material, its ATE and the basis of the ATE; 

c) the diagnostic test employed and the end-point; 

d) the thermal endurance reports according to IEC 60216-1 for the control and candidate 
materials; 

e) for a result in category 13.2 c) above, the details of the failure of statistical validation. 
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Annex A 

(normative) 

Decision flow chart 



If the time to end-point used to calculate the thermal endurance indices is other than 20 000 h 
(see 3.1.1), the value of 5 000 h in Annexes A and B shall be replaced by one quarter of the 
time used. 



Test specimen 

groups at selected 

temperatures at 

selected times 

(longest > 5 000 h) 



Calculate estimates 

of mean 

temperature to 

endpoint 



Calculate 



variance estimates 

2 
/ 

2 

■S1 

2 
*2 



Calculate F ■■ 




No 



Report £ and P 




No 



Adjust s-i 2 

F 

1 2 \ - 2 



Calculate s z 

(Pool s-, 2 and s 2 2 ) 

Tl, TC, HIC 



Calculate s 2 

(Pool (s, 2 ) a and s 2 2 ) 

Tl, TC, HIC 




Adjust Tl 

i 
Tl a = TC + 0,6 HIC 



Report 
Tl (HIC): xxx (xx,x) 



Report or 

Tig =xxx Test data 

HIC„=xxx without Tl 



27 



IS 8504 (Part 7): 2012 
I EC 60216-6: 2006 



Annex B 

(normative) 

Decision table 



Table B.1 - Decision table 



Step 


Test (?) or action 


Reference 


Action if NO in test 


1 


Test specimen groups at selected temperatures 
for selected times (longest > 5 000 h) 


5.2 




2 


Calculate estimates of mean temperature to 
endpoint 


6.4.1 




3 


Calculate estimates of variances su 
Calculate tf 
Calculate s 2 
Calculate s 2 2 


6.3, 6.4.1 Equation 18 

6.5.1 

6.4.2 

6.4.3 




4 


Calculated 


6.5.2 




5 


f P(/, fc-1) > 0,05 


6.5.1 


Report ;p and P: Go to 
step 6 


6 


? F <F Q 


6.5.2 


Go to step 14 


7 


Calculate s 2 (Pool s 2 and s 2 2 ) 
Calculate Tl, TC, HIC 


6.5.2a) 




8 


? Tl -TC < 0,6 HIC 


7.2.2 


Go to step 10 


9 


Report Tl (HIC): ... (..) 


7.2.2 




10 


? Tl -TC < 1,6 HIC 


7.2.2 


Go to step 18 


11 


? Were data processed without extrapolation 


6.3.4 


Go to step 18 


12 


? Were all values of F < F 1 


6.3.3 


Go to step 18 


13 


Report Tl a = TC+0,6 HIC as Tl (HIC): ... (..) 


7.2.2 




14 


Adjust si 2 : (.s 1 ) a = ^ 

^0 


6.5.2 




15 


Calculate s 2 : (Pool (s, 2 ) a and s 2 2 ) 
Calculate Tl, TC a , HIC 


6.5.2 




16 


? Tl -TC a < 0,6 HIC 


7.2.2 


Go to step 18 


17 


Report Tl (HIC): ... (..) 


7.2.2 




18 


Report Tig = ..., HIC g = ..., or 
test data without Tl 


7.2.2 





If the time to end-point used to calculate the thermal endurance indices is other than 20 000 h 
(see 3.1.1), the value of 5 000 h in Annexes A and B shall be replaced by one quarter of the 
time used. 
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Annex C 

(informative) 

Statistical tables 



Table C.1 presents the values of % 2 for significance levels (p) of 0,05, 0,01 and 0,005. 

Table C.1 -^-function 



Degrees of freedom 


P=0,05 


P=0,01 


P=0,005 


1 


3,8 


6,6 


7,9 


2 


6,0 


9,2 


10,6 


3 


7,8 


11,3 


12,8 


4 


9,5 


13,3 


14,9 


5 


11,1 


15,1 


16,7 


6 


12,6 


16,8 


18,5 



Table C.2 gives the values of Student's t for significance levels (p) of 0,05 and 0,005. 

The columns of the table represent the number (/) of degrees of freedom and the rows the 
significance level (P). 

Table C.2- /-function 





10 


11 


12 


13 


14 


15 


16 


17 


18 


P = 0,05 


1,812 


1,796 


1,782 


1,771 


1,761 


1,753 


1,746 


1,740 


1,734 


P = 0,005 


3,169 


3,106 


3,055 


3,012 


2,977 


2,947 


2,921 


2,898 


2,878 





19 


20 


25 


30 


40 


50 


100 


500 


P = 0,05 


1,729 


1,725 


1,708 


1,697 


1,684 


1,676 


1,660 


1,648 


P = 0,005 


2,861 


2,845 


2,787 


2,750 


2,704 


2,678 


2,626 


2,586 
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Table C.3 gives the values of F for significance level 0,05. 

The columns of Tables C.3 and C.4 represent the number of degrees of freedom of the 
numerator (f n ) and the rows the number of degrees of freedom of the denominator (f d ). 



Table C.3 - 7^-function, P = 0,05 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


4,965 


4,103 


3,708 


3,478 


3,326 


3,217 


3,135 


3,072 


3,02 


11 


4,844 


3,982 


3,587 


3,357 


3,204 


3,095 


3,012 


2,948 


2,896 


12 


4,747 


3,885 


3,49 


3,259 


3,106 


2,996 


2,913 


2,849 


2,796 


13 


4,667 


3,806 


3,411 


3,179 


3,025 


2,915 


2,832 


2,767 


2,714 


14 


4,6 


3,739 


3,344 


3,112 


2,958 


2,848 


2,764 


2,699 


2,646 


15 


4,543 


3,682 


3,287 


3,056 


2,901 


2,79 


2,707 


2,641 


2,588 


16 


4,494 


3,634 


3,239 


3,007 


2,852 


2,741 


2,657 


2,591 


2,538 


17 


4,451 


3,592 


3,197 


2,965 


2,81 


2,699 


2,614 


2,548 


2,494 


18 


4,414 


3,555 


3,16 


2,928 


2,773 


2,661 


2,577 


2,51 


2,456 


19 


4,381 


3,522 


3,127 


2,895 


2,74 


2,628 


2,544 


2,477 


2,423 


20 


4,351 


3,493 


3,098 


2,866 


2,711 


2,599 


2,514 


2,447 


2,393 


25 


4,242 


3,385 


2,991 


2,759 


2,603 


2,49 


2,405 


2,337 


2,282 


30 


4,171 


3,316 


2,922 


2,69 


2,534 


2,421 


2,334 


2,266 


2,211 


40 


4,085 


3,232 


2,839 


2,606 


2,449 


2,336 


2,249 


2,18 


2,124 


50 


4,034 


3,183 


2,79 


2,557 


2,4 


2,286 


2,199 


2,13 


2,073 


100 


3,936 


3,087 


2,696 


2,463 


2,305 


2,191 


2,103 


2,032 


1,975 


500 


3,86 


3,014 


2,623 


2,39 


2,232 


2,117 


2,028 


1,957 


1,899 






10 


11 


12 


13 


14 


15 


16 


17 


18 


10 


2,978 


2,943 


2,913 


2,887 


2,865 


2,845 


2,828 


2,812 


2,798 


11 


2,854 


2,818 


2,788 


2,761 


2,739 


2,719 


2,701 


2,685 


2,671 


12 


2,753 


2,717 


2,687 


2,66 


2,637 


2,617 


2,599 


2,583 


2,568 


13 


2,671 


2,635 


2,604 


2,577 


2,554 


2,533 


2,515 


2,499 


2,484 


14 


2,602 


2,565 


2,534 


2,507 


2,484 


2,463 


2,445 


2,428 


2,413 


15 


2,544 


2,507 


2,475 


2,448 


2,424 


2,403 


2,385 


2,368 


2,353 


16 


2,494 


2,456 


2,425 


2,397 


2,373 


2,352 


2,333 


2,317 


2,302 


17 


2,45 


2,413 


2,381 


2,353 


2,329 


2,308 


2,289 


2,272 


2,257 


18 


2,412 


2,374 


2,342 


2,314 


2,29 


2,269 


2,25 


2,233 


2,217 


19 


2,378 


2,34 


2,308 


2,28 


2,256 


2,234 


2,215 


2,198 


2,182 


20 


2,348 


2,31 


2,278 


2,25 


2,225 


2,203 


2,184 


2,167 


2,151 


25 


2,236 


2,198 


2,165 


2,136 


2,111 


2,089 


2,069 


2,051 


2,035 


30 


2,165 


2,126 


2,092 


2,063 


2,037 


2,015 


1,995 


1,976 


1,96 


40 


2,077 


2,038 


2,003 


1,974 


1,948 


1,924 


1,904 


1,885 


1,868 


50 


2,026 


1,986 


1,952 


1,921 


1,895 


1,871 


1,85 


1,831 


1,814 


100 


1,927 


1,886 


1,85 


1,819 


1,792 


1,768 


1,746 


1,726 


1,708 


500 


1,85 


1,808 


1,772 


1,74 


1,712 


1,686 


1,664 


1,643 


1,625 





19 


20 


25 


30 


40 


50 


100 


500 


10 


2,785 


2,774 


2,73 


2,7 


2,661 


2,637 


2,588 


2,548 


11 


2,658 


2,646 


2,601 


2,57 


2,531 


2,507 


2,457 


2,415 


12 


2,555 


2,544 


2,498 


2,466 


2,426 


2,401 


2,35 


2,307 


13 


2,471 


2,459 


2,412 


2,38 


2,339 


2,314 


2,261 


2,218 


14 


2,4 


2,388 


2,341 


2,308 


2,266 


2,241 


2,187 


2,142 


15 


2,34 


2,328 


2,28 


2,247 


2,204 


2,178 


2,123 


2,078 


16 


2,288 


2,276 


2,227 


2,194 


2,151 


2,124 


2,068 


2,022 


17 


2,243 


2,23 


2,181 


2,148 


2,104 


2,077 


2,02 


1,973 


18 


2,203 


2,191 


2,141 


2,107 


2,063 


2,035 


1,978 


1,929 


19 


2,168 


2,155 


2,106 


2,071 


2,026 


1,999 


1,94 


1,891 


20 


2,137 


2,124 


2,074 


2,039 


1,994 


1,966 


1,907 


1,856 


25 


2,021 


2,007 


1,955 


1,919 


1,872 


1,842 


1,779 


1,725 


30 


1,945 


1,932 


1,878 


1,841 


1,792 


1,761 


1,695 


1,637 


40 


1,853 


1,839 


1,783 


1,744 


1,693 


1,66 


1,589 


1,526 


50 


1,798 


1,784 


1,727 


1,687 


1,634 


1,599 


1,525 


1,457 


100 


1,691 


1,676 


1,616 


1,573 


1,515 


1,477 


1,392 


1,308 


500 


1,607 


1,592 


1,528 


1,482 


1,419 


1,376 


1,275 


1,159 
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Table C.4 gives the values of F for significance level 0,005 

The columns of Tables C.3 and C.4 represent the number of degrees of freedom of the 
numerator (f n ) and the rows the number of degrees of freedom of the denominator (f d ). 



Table C.4 - F-function, P = 0,005 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


12,826 


9,427 


8,081 


7,343 


6,872 


6,545 


6,302 


6,116 


5,968 


11 


12,226 


8,912 


7,6 


6,881 


6,422 


6,102 


5,865 


5,682 


5,537 


12 


11,754 


8,51 


7,226 


6,521 


6,071 


5,757 


5,525 


5,345 


5,202 


13 


11,374 


8,186 


6,926 


6,233 


5,791 


5,482 


5,253 


5,076 


4,935 


14 


11,06 


7,922 


6,68 


5,998 


5,562 


5,257 


5,031 


4,857 


4,717 


15 


10,798 


7,701 


6,476 


5,803 


5,372 


5,071 


4,847 


4,674 


4,536 


16 


10,575 


7,514 


6,303 


5,638 


5,212 


4,913 


4,692 


4,521 


4,384 


17 


10,384 


7,354 


6,156 


5,497 


5,075 


4,779 


4,559 


4,389 


4,254 


18 


10,218 


7,215 


6,028 


5,375 


4,956 


4,663 


4,445 


4,276 


4,141 


19 


10,073 


7,093 


5,916 


5,268 


4,853 


4,561 


4,345 


4,177 


4,043 


20 


9,944 


6,986 


5,818 


5,174 


4,762 


4,472 


4,257 


4,09 


3,956 


25 


9,475 


6,598 


5,462 


4,835 


4,433 


4,15 


3,939 


3,776 


3,645 


30 


9,18 


6,355 


5,239 


4,623 


4,228 


3,949 


3,742 


3,58 


3,45 


40 


8,828 


6,066 


4,976 


4,374 


3,986 


3,713 


3,509 


3,35 


3,222 


50 


8,626 


5,902 


4,826 


4,232 


3,849 


3,579 


3,376 


3,219 


3,092 


100 


8,241 


5,589 


4,542 


3,963 


3,589 


3,325 


3,127 


2,972 


2,847 


500 


7,95 


5,355 


4,33 


3,763 


3,396 


3,137 


2,941 


2,789 


2,665 






10 


11 


12 


13 


14 


15 


16 


17 


18 


10 


5,847 


5,746 


5,661 


5,589 


5,526 


5,471 


5,422 


5,379 


5,34 


11 


5,418 


5,32 


5,236 


5,165 


5,103 


5,049 


5,001 


4,959 


4,921 


12 


5,085 


4,988 


4,906 


4,836 


4,775 


4,721 


4,674 


4,632 


4,595 


13 


4,82 


4,724 


4,643 


4,573 


4,513 


4,46 


4,413 


4,372 


4,334 


14 


4,603 


4,508 


4,428 


4,359 


4,299 


4,247 


4,2 


4,159 


4,122 


15 


4,424 


4,329 


4,25 


4,181 


4,122 


4,07 


4,024 


3,983 


3,946 


16 


4,272 


4,179 


4,099 


4,031 


3,972 


3,92 


3,875 


3,834 


3,797 


17 


4,142 


4,05 


3,971 


3,903 


3,844 


3,793 


3,747 


3,707 


3,67 


18 


4,03 


3,938 


3,86 


3,793 


3,734 


3,683 


3,637 


3,597 


3,56 


19 


3,933 


3,841 


3,763 


3,696 


3,638 


3,587 


3,541 


3,501 


3,465 


20 


3,847 


3,756 


3,678 


3,611 


3,553 


3,502 


3,457 


3,416 


3,38 


25 


3,537 


3,447 


3,37 


3,304 


3,247 


3,196 


3,151 


3,111 


3,075 


30 


3,344 


3,255 


3,179 


3,113 


3,056 


3,006 


2,961 


2,921 


2,885 


40 


3,117 


3,028 


2,953 


2,888 


2,831 


2,781 


2,737 


2,697 


2,661 


50 


2,988 


2,9 


2,825 


2,76 


2,703 


2,653 


2,609 


2,569 


2,533 


100 


2,744 


2,657 


2,583 


2,518 


2,461 


2,411 


2,367 


2,326 


2,29 


500 


2,562 


2,476 


2,402 


2,337 


2,281 


2,23 


2,185 


2,145 


2,108 





19 


20 


25 


30 


40 


50 


100 


500 


10 


5,305 


5,274 


5,153 


5,071 


4,966 


4,902 


4,772 


4,666 


11 


4,886 


4,855 


4,736 


4,654 


4,551 


4,488 


4,359 


4,252 


12 


4,561 


4,53 


4,412 


4,331 


4,228 


4,165 


4,037 


3,931 


13 


4,301 


4,27 


4,153 


4,073 


3,97 


3,908 


3,78 


3,674 


14 


4,089 


4,059 


3,942 


3,862 


3,76 


3,698 


3,569 


3,463 


15 


3,913 


3,883 


3,766 


3,687 


3,585 


3,523 


3,394 


3,287 


16 


3,764 


3,734 


3,618 


3,539 


3,437 


3,375 


3,246 


3,139 


17 


3,637 


3,607 


3,492 


3,412 


3,311 


3,248 


3,119 


3,012 


18 


3,527 


3,498 


3,382 


3,303 


3,201 


3,139 


3,009 


2,901 


19 


3,432 


3,402 


3,287 


3,208 


3,106 


3,043 


2,913 


2,804 


20 


3,347 


3,318 


3,203 


3,123 


3,022 


2,959 


2,828 


2,719 


25 


3,043 


3,013 


2,898 


2,819 


2,716 


2,652 


2,519 


2,406 


30 


2,853 


2,823 


2,708 


2,628 


2,524 


2,459 


2,323 


2,207 


40 


2,628 


2,598 


2,482 


2,401 


2,296 


2,23 


2,088 


1,965 


50 


2,5 


2,47 


2,353 


2,272 


2,164 


2,097 


1,951 


1,821 


100 


2,257 


2,227 


2,108 


2,024 


1,912 


1,84 


1,681 


1,529 


500 


2,075 


2,044 


1,922 


1,835 


1,717 


1,64 


1,46 


1,26 
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Annex D 

(informative) 

Suggested ageing times and temperatures 



D.1 Tl determination 

D.1.1 Correlation time (Tl) = 20 000 h 

When the time for Tl calculation is the conventional 20 000 h (see 7.1) the following four 
ageing times and ten ageing oven temperatures are suggested. 

The temperatures cover a range of 90 K in intervals of 10 K, the lowest temperature being 
equal to the expected value of Tl, rounded to the nearest multiple of 10. In the following table, 
each * represents one group of specimens to be loaded into the oven concerned. 

TI+90 



Temperature 


Tl 


TI + 10 


TI+20 


TI+30 


TI+40 


TI+50 


TI+60 


TI+70 


TI+! 


Ageing time 




















5 040 h 


* 


* 


* 


* 


* 


* 


* 






2 016 h 




* 


* 


* 


* 


* 


* 


* 




1 008 h 






* 


* 


* 


* 


* 


* 


* 


552 h 








» 


» 


» 


* 


* 


* 



NOTE 1 The above four ageing times are suggested as convenient multiples of 24 h (1 day) or 168 h (1 week), 
close to the values of >500 h, =1 000 h, ~2 000 h and >5 000 h, covering a range of 1 to 10 in four approximately 
equal logarithmic steps. 

NOTE 2 These ageing times and temperatures are expected to give acceptable extents of ageing, such that 
satisfactory selection of data for the regression analyses (see 6.1.2 and 6.3.2) can be made if the expected value 
of Tl is within ±10 K of the actual value and the value of HIC is between 8 K and 13 K. If the values are outside 
these ranges, it may be necessary to employ an additional higher temperature. In order to allow this, it is 
recommended to prepare specimens additional to those indicated by the above figures. 

For illustration of this, see Figure E.3 and Figure E.4 which show the ageing times and temperatures in relation to 
the actual thermal endurance graph for hypothetical cases. In the data of Figure E.3, at all ageing times, 
approximately equal numbers of temperature groups lie above and below the "temperature for end-point", i.e. the 
intersection with the regression line. This is not true for the data of Figure E.4, where an extrapolation would be 
required at times of 552 h and 1 008 h. 

D.1.2 Other correlation times for Tl calculation (see 12.3) 

Where the correlation time (time for Tl calculation) is greater than 20 000 h, it is advisable to 
increase the number of times to 5 and of temperatures to 11, making the longest ageing time 
equal to approximately one quarter of the correlation time, and the lowest temperature equal 
to the value of Tl (see 12.3). The number of ovens providing samples for each ageing time 
remains at seven (see Figure E.5). 
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D.2 RTE determination 

The start point for the above table should be the lower of the expected Tl values for the 
control and candidate materials, rounded to the nearest 10 K. The remaining temperatures 
should be chosen as in D.1.2 above. 

NOTE It may reasonably be expected that these ageing times and temperatures will be acceptable if both actual 
Tl values are within ±10 K of the chosen value and both HIC values are within the range (8 to 13) K. 
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Annex E 

(informative) 

Figures 



- 20 000 




Temperature °C 



The data are for ageing time 2 016 h of the data group represented below (Figure E.2). The 
data selected for regression are in the inner rectangular outline box. 

Figure E.1 - Property-temperature graph with regression line 
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Figure E.2 - Thermal endurance graph 
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(Accurate expectation value for Tl and average HIC) 
Figure E.3 - Ageing times and temperatures in relation to thermal endurance graph 
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Figure E.4 - Ageing times and temperatures in relation to thermal endurance graph 
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The additional ageing time of 10 kh was chosen for illustration as one quarter of 40 kh. 

Figure E.5 - Ageing times and temperatures in relation to thermal endurance graph 
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Annex F 

(normative) 

Statistical significance of the difference 
between two regression estimates 



Where multiple determinations of a thermal endurance index are made (e.g. the determination 
may be made several times on a control material), the admissibility of the differences between 
two results may be assessed using the equations of 12.4. 

NOTE In the following discussion, the suffixes A and B refer to the two sets of data on the one material: the first 
data set (A) is treated as ATE-data, the second set (B) as candidate material data. Data set A may be a pooled 
value from several other values. 

• Calculate the value of x corresponding to the Tl value for the first data set (the ATE) 
(equation 50), the correlation time (equation 51) and the variance of x A (equation 55). 

• At this correlation time, calculate the corresponding values of x B (equation 52) and its 
variance (equation 56). 

• Calculate the number of degrees of freedom of the difference (x B -x A ) (equations 58 to 61 ). 

• Calculate the value of t for this difference and compare its value with that in Table C.2 of 
Annex C, at significance level 0,05. 

., , _ (*B -*a) 

( (N D ) ~ 

S D 

A value greater than that tabulated (Table C.2) implies a significant difference between the 
results. This may imply a change in the control material or in the conditions of ageing. This 
should be investigated, and if necessary, corrected. 
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Annex G 

(informative) 

Computer programs for IEC 60216-6 



G.1 Introduction 

The programs on the accompanying CD-ROM for calculations in Part 6 of IEC 60216 are for 
use in conjunction with the disk operating system MSDOS 1> or equivalent. 

CD-ROM content 

Annex G.doc 

Entry-6.bas, Entry-6.exe 

216-6. bas, 216-6.exe 

Rte-6.bas, Rte-6.exe 

Control.ftd, Control.ftr, Control.ftc 

Candidat.ftc 

The text based program files (*.bas) may be edited if necessary using either a text editor or 
the "Quick Basic" programs QB45 or QBX and saved as ASCII files with the filename ending 
in ".bas". They may then be executed using QB45 or QBX or compiled for stand-alone 
execution. The resultant executable files will have the ending ".exe" and the same file stem as 
the ".bas" files. 

These executable files are suitable for direct execution in DOS, and may be executed in 
Windows 95 or later (98, etc.) by creating an icon for the file and double-clicking that icon. 
The "short-cut" options should be set so that the program is run in a normal window. 

To create the icon, in Windows Explorer, right click the file name and select "Create Shortcut", 
or drag the program into the desktop. 

G.2 21 6-6. bas (or .exe) 

The program requires data to be entered in the form of an ASCII text file obtained using the 
associated program Entry-6.bas described below. As default it assumes the file ending for the 
data file ".ftd" if no file ending is entered. However, other file endings may be entered. 

The file structure is similar to that of destructive test data in IEC 60216-3, modified so that the 
most significant test variable is time rather than temperature, the roles of time and 
temperature being interchanged. 

Data analysis and statistical tests in accordance with IEC 60216-6 are carried out and the 
results reported in the appropriate format. The report is recorded in a text file with the ending 
".ftr", which may be edited in a word processor program. 

Result parameters as required for calculation of RTE are automatically entered into a file 
having the same name as the experimental data file and with the ending ".ftc". 



MSDOS, Quick Basic, Windows 95, Windows 98 and Windows Explorer are the trade names of products supplied 
by Microsoft, Inc.. This information is given for the convenience of users of this document and does not constitute an 
endorsement by IEC of the products named. Equivalent products may be used if they can be shown to lead to the same 
results. 

38 



IS 8504 (Part 7) :2012 
I EC 60216-6: 2006 



G.3 Entry-6.bas (or .exe) 

Data obtained using the procedures of IEC 60216-6 are entered following the screen 
instructions to generate a data file having by default the ending ".ftd". Other file endings may 
be entered if required. 

The data in the enclosed file "Control. ftd" may be printed and used to gain familiarity with the 
data entry program. 

G.4 RTE-6. bas (or .exe) 

Data files obtained using 216-6.exe or 216-6. bas are required for both the control and 
candidate materials. Statistical tests are carried out, and the results reported, in accordance 
with the standard. The report may be saved in a file with the same name as that of the 
candidate material and the extension ".fte". 

G.5 Data files 

Two data files are provided for entry to RTE-6. These are named Control. ftc and Candidat.ftc. 
The ATE originally provided for Control. ftd was 170. Control. ftc is derived from Control. ftd. 

G.5.1 Content of file Control.ftd 

The data on which Control.ftd is based are as follows (S = included in calculations to produce 
the reports etc supplied on this disc): 
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Time Temperature Property values 
552 

18810 18080 18710 18090 18430 17990 19200 17860 17940 18700 

18480 18700 18370 18750 18010 17260 18950 18680 16450 18260 

14290 15130 15930 15000 14520 14840 14430 16540 15840 15380 

12010 13200 13460 12550 12910 12670 14040 14080 12770 12060 

10590 9820 10230 9680 9220 9720 10100 9880 10340 10070 

5710 5180 5100 6050 5650 5270 5440 5180 4930 5260 

14570 14910 14560 14560 

11890 11030 11970 10930 11840 

10730 11300 10750 10500 10880 

8580 9020 8880 9130 9060 

15740 15630 14470 16020 16210 16870 16500 16250 16410 15790 

17470 16950 16670 17480 17190 17340 17240 17670 16610 16370 

14660 14440 14850 12550 13940 14010 14460 14900 14070 15010 

11850 11260 10520 11790 11630 10660 11180 12060 11920 12240 

8210 8560 8470 8810 8900 8720 8700 8740 8690 8130 

15740 15750 15330 15120 15310 15300 15590 14450 14850 14830 

15690 15340 14900 15400 14860 16020 15360 15910 15640 16100 

15040 15340 15230 15380 15370 15420 15990 14980 15060 15760 

14590 13940 13850 12360 14610 14930 15170 15140 15100 14940 

11710 12000 12280 11040 11750 

10130 10460 10340 9060 10050 

10080 

The actual file content is as shown below (next page). The data in the columns are in the file 

as one continuous column, one number per line. 

The functions of the numbers are indicated in the comments associated with a selection of the 
numbers. 
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G.5.2 Report file 

The report file generated for the above data is control. ftr; its content is: 

filename: d:\temp\control.ftd 

The result is Tl (HIC): 190.6 ( 8.8) 

Lower 95% confidence limit of Tl 188.5 

Chi-Squared (DF) 8.3164 ( 3) 

F(nn, nd) 6.095(2,111) 

Longest mean time to endpoint 5040 

Compensated non-linearity 

Non-linearity + destructive test non-linearity 

Selected ageing temperatures 

Time 552 210 219 229 241 

Time 1008 221 228 240 

Time 2016 186 199 210 229 

Time 5040 185 200 210 

Linearity tests 

Time 552 F = 1.852 F(0.95, 2, 36) = 3.162 F(0.995, 2, 36) = 6.044 

Time 1008 F = 1.962 F(0.95, 1, 12) = 4.743 F(0.995, 1, 12) = 11.715 

Time 2016 F = 5.294 F(0.95, 2, 36) = 3.162 F(0.995, 2, 36) = 6.044 

Time 5040 F = 0.003 F(0.95, 1, 17) = 4.487 F(0.995, 1, 17) = 10.365 
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G.5.3 Thermal endurance graph 
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Figure G.1 - Thermal endurance graph 

The thermal endurance graph is presented in a graphics format which may be copied into the 
Windows clipboard (see Figure G.1). The graph may then be imported into another Windows 
program (e.g. a word processor) in the usual way. Graphs for materials having different 
ageing properties are produced with compatible temperature scales, each being in effect a 
"window" of fixed width in an infinitely long reciprocal temperature scale. 

G.6 Content of file Control.ftc 

This file contains the information required for the RTE calculations (a similar file is required 
for the candidate material). The actual values contained are: 

7.2272680519088 

0.646666369249988 

2.00152633394296D-03 

3.38025166055829D-10 

115 

5.78159898962069D-05 

1.58367467727663D-03 

5040 

These values are as specified in 12.2 of this standard. They are calculated and saved in the 
file as double precision floating point numbers. 
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G.7 Copying graphs to word processor reports 

If it is required to include the graphs in a report, the word processor program should be 
started before the 216-6 program, which should be set up to run in a DOS window. Although 
the graphs are displayed full screen, the change from and back to a DOS (text) window is 
automatic. 

When the graph is displayed, it is copied to the Windows clipboard by pressing Print Screen 
or ALT + Print Screen key (ALT + Print Screen copies the active window: Print Screen copies 
the active screen). The word processor my then be brought to the screen by pressing ALT + 
Esc or ALT + Tab, if necessary, repeatedly. The transfer is then completed by means of the 
menu function Edit / Paste Special / Device Independent Bitmap. Do not use the Control + V 
shortcut, as this will insert the graph in an inconvenient format (changing this is a very tedious 
process). The graph may be edited for size and position in the usual way. Unwanted material 
can generally be removed with the crop function of the drawing toolbar. 

Return to the 216-6 program is then carried out from either the 216-6 label on the Windows 
taskbar or by (repeatedly) pressing ALT + Tab or ALT + Esc. 

The report file *.ftr may be imported directly into a word processor report and edited or 
formatted in the usual way. 
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